Abstract: The purpose of this study was to find out whether a set of habitat characteristics, derived from the National Corine Land Cover (CLC) database of habitat types, could indicate the occurrence of white stork nests in a settlement. The analyses were performed for the settlements closer than 35 km from the Drava River (northern Croatia). Sixteen habitat characteristics were determined around 257 settlements occupied with white stork nests and 152 control sites without white stork nests within the same geographic region. We performed multivariate inspection of the data and a non-metric multidimensional preference analysis. The best variables for stork habitat selection were: distance to the nearest grassland habitat (P < 0.0001), distance to three nearest grassland habitats (P < 0.0001), altitude of the settlements above the sea level (P < 0.001), sum of distances to the three nearest agricultural mosaic habitats (P < 0.005) and standardized area proportion of forests (P < 0.05). The explanatory capacity of the model was 81.1%. We conclude that it is possible to define a small number of habitat characteristics derived from CLC database which can indicate the occurrence of white stork nests.
Introduction
One of the main issues in ecology is the research on species -habitat relationship (Hutchinson 1957; Guisan & Zimmermann 2000) . Non-random associations of species with habitats and of consumers with particular types of food are commonly found in different animal species (Busea et al. 2007; Krishna et al. 2008; Kluber et al. 2008) . The quantification of the relationship between the species and the environment has recently been gaining importance as a tool to assess the impact of land use on the distribution of the organisms. Identifying habitat requirements of birds is essential for protecting the habitat to maintain populations of the species. This is traditionally studied by comparing habitat characteristics at animal territories with random sites in order to identify preferred habitats for different species (Brotons et al. 2004) . Different habitat mapping projects, such as Pan-European Corine Land Cover (CLC), have already been used for predicting bird distributions (Seoane at al. 2004; Erdos et al. 2007; Ottvall et al. 2008 ) and provided optimistic results.
White storks use agricultural lands with short vegetation as their feeding grounds and live in close relationship with humans (Saether et al 2006) . They are in search for small moving animals in open land such as wet grasslands and arable land (Creutz 1988) , the distribution and the abundance of which can be greatly affected by different agricultural practices (Alonso et al. 1991; Collins & Storfer 2003; Tryjanowski et al. 2005a; Heroldová et al. 2007 ). Thus, land management and presence of preferred habitat can largely influence the selection of human settlements for nest building and successful breeding.
Croatia is a country that involves 1000-1500 white storks breeding pairs. The population has remained stable since the last census performed a decade ago (Mužinić 1999; BirdLife International 2004) . This study is testing the usefulness of the Corine Land Cover Database in the research of bird habitats and in the planning and implementing wide-area monitoring programs. White storks are suitable for such analyses because of their fidelity to breeding grounds, considering the indication that food availability determines the settlement decision (Tryjanowski & Kuźniak 2002) , and due to their relatively large breeding territory and good data available on white stork nests in Croatia.
The question to be answered in this study was whether the identification of a subset of easily measurable habitat characteristics, derived from the national GIS database of habitat types, could indicate the occurrence of white stork nests in a specific settlement. 
Material and methods

Study area and data acquisition
The study was performed for the settlements situated less than 35 km from the Drava River ( Fig. 1 ) in northern Croatia. We used the data from the census project in Croatia for the period 2004-2005 which had been conducted by the Croatian Society for Protection of Birds and Nature (Mikuska, pers. comm.) and covered central and eastern part of the country (Crkvenčić 1974 (Crkvenčić , 1975 . All nests found during the census period were within human settlements (Mužinić, pers. comm.) and for that reason the habitat characteristics around the settlements with white stork nests were compared to those of the control sites. Settlements were not discriminated according to the number of the nests found. The control sites were chosen randomly, using random number generator to extract the unique code of the settlements distributed along the entire study area. The procedure was conducted in a way to preserve the settlements with stork nests in the analysis as much as possible. Distances were extracted with no restrictions, but all variables that described the expanse of a specific habitat type were extracted for the buffer of 1 km around the outer edge of human settlements. Several authors gave their assessments referring the distance from the nests that white storks used for food gathering (Nowakowski 2003; Denac 2006) , but 1 km radius distance was chosen according to the findings of Creutz (1988) , who stated that white storks needed visual contact with their nests during the early phase of fledglings' development. Another reason for choosing 1 km buffer was significant overlapping of settlement buffers that occurred when we applied larger buffers, which would create a greater problem with the independence of observations. Buffers were made from the outer edge of the settlements regardless of the nest position in the settlement. To ensure the independence of observations we included, in the analysis, only those settlements whose 1 km buffers did not overlap significantly with others.
For habitat comparison we arbitrarily defined sixteen easily measurable characteristics that can influence the presence/absence of white storks (Table 1 ). The data on the habitats were derived from the Croatian Corine Land Cover 2000 database (State Institute for Nature Protection & Oikon Ltd. 2003) . This is the Geographic Information System (GIS) database with the resolution of nine ha (pixel size 300 m × 300 m). The rather rough precision of this database is the major obstacle for more accurate description of the habitat characteristics around settlements. All measurements were performed by ArcGis software (Version 9.1, Copyright 2006 ESRI) using different functions. We did not have an opportunity to adequately distinguish different types of grassland habitats since some polygons were marked with multiple codes. That is the reason why we joined all grassland polygons into one so-called theme (features and their attributes that are managed together in units) "grass" although we knew that all grassland types were not of the same importance for white storks. The variable altitude above the sea level (mas) was therefore introduced to provide additional information, since the usage and the structure of grassland is correlated with the altitude. The white stork breeding was recorded even at higher altitudes than those in our study where the settlements with and without nests were found up to 300 m and 400 m altitude, respectively. For example the recorded altitude in Poland was up to 890 m (Tryjanowski et al. 2005b) or even the altitudes of 2500 m in Marocco and 1000 m in the Tatra Mountains in Slovakia (Creutz 1988) . However, those examples are exceptions and much higher densities are found at lower altitudes (Cramp 1997) .
For each settlement we extracted from the database the information on several habitat types in three different forms: 1) distance to the nearest edge polygon of the ob-served habitat type (using Distance function of ArcView); 2) sum of distances to the edges of three nearest polygons of habitat type, and 3) the standardized area of habitat types (total expanse of a specific habitat within 1 km buffer divided with the total expanse of the same buffer around the settlement). The dataset comprised 257 settlements occupied with and 152 settlements not occupied with white stork nests, respectively.
An additional variable describing presence/absence of grassland types in the buffer of 1 km around the settlement was made according to the following coding scheme: category 2 -the settlements with only the grassland of type C22 in the buffer, category 23 -the settlements with the grassland of types C22 and C23, and so on. This kind of coding produced altogether seven different categories of settlements. According to the National Classification Scheme of Habitat Types (MoC 2005), type C22 are wet meadows of the middle Europe; type C23 are mesophilic meadows of the Central Europe while type C24 represents wet, nitrophilic grasslands and pastures. The numbers of settlements included in the analysis according to the presence of grassland types are the following: category 2 (n with nest = 100; n without nest = 56), category 3 (n with nest = 52; n without nest = 67), category 12 (n with nest = 0; n without nest = 1), category 23 (n with nest = 70; n without nest = 23), category 24 (n with nest = 29; n without nest = 7), category 34 (n with nest = 6; n without nest = 16), category 234 (n with nest = 2; n without nest = 0). This variable was not included in the model-building procedure and was used only for multivariate graphical inspection of habitat characteristics.
Data analysis
The data for this paper were generated using SAS/STAT software, Version 9.1 of the SAS System for Windows. Copyright 2002-2003 SAS Institute Inc. The analysis of variance for habitat variables for the occupied and the unoccupied settlements was performed with Wilcoxon rank-sum test (NPAR1WAY procedure). The comparisons were performed with non-parametric tests since variable distributions were heavily skewed without much improvement of normality after transformation. Multivariate inspection of the data was made (PRINQUAL procedure) in order to perform a non-metric multidimensional preference (MDPREF) analysis (Carroll 1972) for generating biplots (Gabriel 1981) (Figs 2-4) .
Vectors represent the measured variables. The high value observations define the vector's direction and length. Biplots are presented with different coding to provide a better insight. Every symbol represents the multivariate observations which include all measured variables. Pairs of variables represent the distances to the nearest polygon with particular habitat type and the variables that represent the sums of distances to three nearest polygons show high association, therefore, we used only the sum of distances to three nearest areas of interest in further visual analysis. The pair of variables field1 and sumfield3 was an exception.
To model white stork habitat preferences we used logistic regression. The dependent variable of white-stork nests was binomial, and we subsequently used the logit as the link function and the assumed binomial error structure. Hosmer & Lemeshow (2000) described a purposeful selection of covariates algorithm, within which an analyst makes a decision on variable selection at each step of the modelling process. The original number of variables gave us the total number of possible models (2 16 ), which was too many for the standard Akaike criterion selection procedure. To automate the process of variable selection, we used the already prepared PurposefulSelection macro (Bursac et al. 2008) . The variables that contributed to the largest significant change in the deviance from the null model were selected as predictors for the presence of white stork nests.
Multivariate displays (biplots) were constructed to elucidate the relationships between all previously mentioned variables (Table 1) . These multivariate displays show the tendency of separation between the data groups according to different effects.
Results
The habitat compositions around the settlements with white stork nests and around the control sites are statistically significantly different for twelve variables (Table 2). The strongest differences between the groups were found for the variables sum of distances to three nearest mosaic agricultural fields (summos3), distance to the nearest forest (forest1) and sum of distances to three nearest grassland habitats (sumgrass3), revealing greater values for the settlements with white stork nests when compared to settlements without nests, while variables standardized amount of forest area 1 km buffer (sg5), altitude of the settlement above the sea level (mas) and distance to the nearest grassland (grass1) were characterized by significantly smaller values.
Biplot with only the selected variables (Fig. 2 ) shows the separation of the vectors representing these variables in three groups. Distance to the nearest intensively managed field (field1), standardized area proportion of urban areas (sg2) and mosaic agricultural fields (sg4) constitute the first group of strongly associated vectors. Most of the settlements grouped around these vectors are the settlements with white stork nests. The second group of vectors is the most widespread. The members of this group are: sum of distances to the three nearest grassland habitats (sumgrass3), altitude of the settlement above the sea level (mas), standardized area of forests (sg5), and sum of distances to three nearest inland waters (sumwater3). The sum of distances to three nearest grassland habitats (sumgrass3) is very small, which reflects in a very short vector length and its overlapping with observation markers. The placement of altitude (mas) vector and the composition of this vector group concurs with the fact that forests are dominant at higher altitudes in this part of Croatia while the areas under the grass are rare, as well as the presence of water (distances to the nearest water are bigger). Environment like this is less suitable for storks, which is manifested in high proportion of settlements without white stork nests. This group shows negative association with the third vector group, which consists of standardized area of grassland (sg1) and of intensively managed fields (sg3), as well as of sums of distances to three nearest intensively managed fields (sumfield3), agricultural mosaic habitats (summos3) and forests (sumforest3). Standardized area of grassland vector is very small and overlapped with ob- servation markers. Proportion of settlements with white stork nests is high in this group, pointing out that absence of agricultural mosaic habitats and forests and presence of surroundings rich in grassland and water is preferred by white storks. Small distances to the inland waters (negative association between sumwater3 and the third vector group) are important factor for the stork habitats, which is in agreement with Schneider (1988) , who wrote on the importance of the open water near the nest for watering the nestlings. Placement of the sg3 vector provides information that in the absence of grassland habitats white storks use managed fields more intensively as feeding grounds. The potential future intensification of agricultural production can, therefore, influence the white stork population greatly. The other two biplots show coding for the types of grassland (Fig. 3 ) and for altitude (Fig. 4) . Settlements having only wet meadows in the buffer of 1 km (code 2) are placed along the sg3-sumforest3 vector group while the other fraction of this type of data is placed along the sg2-sg4 vector group. It is clear from the biplot that this type of grassland appears at low altitudes, with the absence of forests or presence of water. Almost the same situation is found for the cases of settlements with two types of grasslands, wet meadows and nitrophilic grasslands/pastures (code 24). More than 80% of those settlements are occupied by white stork nests, which points out the importance of grassland habitats for storks, as reported in several papers (Schneider 1988; Latus et al. 2000) . Along the sg2-sg4 vector group the settlements with wet meadows and mesophilic grasslands (code 23) are placed, obviously connected with urban areas (sg2) and mosaic agricultural areas (sg4), with similar proportion of white stork presence. The categories 3 (settlements with only mesophilic grasslands) and 34 (settlements with mesophilic and nitrophilic grasslands/pastures) are connected with larger forest area away from the water, where the latter is marked with the highest proportion of all sites without storks.
Most of the settlements placed above 200 m a.s.l. (characterized by forest presence and water absence) are predominantly without white storks as opposite to the settlements below this altitude.
The variables that were selected by PurposefulSe- lection macro as the most important in explaining the presence of the white storks in human settlements are grass1 (P < 0.0001), sumgras3 (P < 0.0001), mas (P < 0.001), summos3 (P < 0.005) and sg5 (P < 0.05). The final model showed both the deviance and the Pearson goodness of fit statistics as not significant, with p values of 0.15 and 0.14, respectively. All test statistics (Likelihood ratio, Score and Wald test) were highly significant (P < 0.0001). The predictive power of the model is 81.1% (AUC c = 0.811). For the cut-point probability of 0.5, the proposed model provides the sensitivity and the specificity rates of 55.6% and 84.4%, respectively, giving the total 74.8% accuracy of the model.
Discussion
The results from this paper show that even not very precise habitat databases can be used for some bird habitat analysis, at least for some larger species that satisfy their needs in a wider area like in the white stork case. The results of this study highlight that the most important variable for white storks to choose the settlements for breeding is the vicinity of grassland habitats. The importance of grassland habitats in proximity of water for white storks has already been reported by several authors (Schneider 1988; Latus et al. 2000; Tryjanowski et al. 2005b) . One of the important results of this study is detection of small standardized amounts of grasslands in the vicinity of settlements in the research area. This fact makes the studied population highly dependent on arable land that is threatened in all new EU Member States both by intensification and abandonment (EEA 2004) . Currently, as a European Union accession country, Croatia started structural reforms in the field of agriculture and incorporation of subsidies and management practice of EU Common Agricultural Policy (CAP), therefore, we anticipate the intensification of agricultural intensity with the resulting changes in white stork habitat. Although we are aware that all grassland habitats are not of the same importance for white storks, depending on the farming practice and/or presence of grazing animals, as well as on the flooding regime (Tryjanowski & Kuźniak 2002; Tryjanowski et al. 2005b ), we were not in position to give any further assessment because of the limitations of the database of habitat types, as well as due to the scarce data on white storks. More detailed databases of habitat types are in the process of preparation, however, only on several smaller areas and particularly focused on protected areas. This kind of habitat data could be used in more detailed quantification of habitat features and types in the future as well as for the detection of potential changes in habitat. Unfortunately, Croatia does not have an established long-term monitoring of the white stork population, and only two national wide censuses were made in 1995 and 2004/5 years, respectively. The population has been monitored in more detail only in some smaller, protected areas outside our research area. With this kind of data we are unable to track possible population trajectories or effects like year-to-year changes in population parameters or density-dependence affected fecundity, as some authors proved for white storks (Tryjanowski et al. 2005c; Saether et al. 2006) , or reproduction success according to habitat structure (Nowakowski 2003) . Similar analysis could be performed in the way that logistic regression is replaced with Poisson regression, but for this refinement the information on the exact number of the nests in the specific settlement is needed yet it is available for large number of the populations elsewhere. We strongly believe that habitat variables extracted from the national CLC Databases should be widely used for the rough detection of habitat preferences for diverse animal species, as well as for the detection of changes in the habitats. This kind of analyses is not expensive and only requires small team of experts for its performance. Another advantage of using CLC databases is their uniform way of preparation across Europe from the remotely sensed data, so the results from different areas can be more easily compared. The results presented for the well-known species like white stork may not seem like a very impressive discovery, but by using such analyses we could certainly improve our ability to detect habitat preferences along wide areas as well as to predict species response on the changes according to our previous knowledge on the species and can help us focus our conservation work and research more efficiently. By the selection of only five habitat variables we constructed a logistic model with good predictive power. To summarize, we can conclude that the differences exist in habitat characteristics between the human settlements with and those without white stork nests that can be detected with CLC database of national habitat types.
